The frog neuromuscular junction (NMJ) has been extensively used as a model system to dissect the mechanisms involved in synapse formation, maturation, maintenance, regeneration, and function. Early NMJ synaptogenesis relies on a combination of cell-autonomous and interdependent pre/postsynaptic communication processes. Due to their transparency, comparatively easy manipulation, and remarkable regenerative abilities, frog tadpoles constitute an excellent model to study NMJ formation and regeneration. Here, we aimed to contribute new aspects on the characterization of the ontogeny of NMJ formation in Xenopus embryos and to explore the morphological changes occurring at the NMJ after spinal cord injury. Following analyses of X. tropicalis tadpoles during development we found that the early pathfinding of rostral motor axons is likely helped by previously formed postsynaptic specializations, whereas NMJ formation in recently differentiated ventral muscles in caudal segments seems to rely on presynaptic inputs. After spinal cord injury of X. laevis tadpoles our results suggest that rostral motor axon projections help caudal NMJ re-innervation before spinal cord connectivity is repaired.
The neuromuscular junction of Xenopus tadpoles: Revisiting a classical model of early synaptogenesis and regeneration The frog neuromuscular junction (NMJ) has been extensively used as a model system to dissect the mechanisms involved in synapse formation, maturation, maintenance, regeneration, and function. Early NMJ synaptogenesis relies on a combination of cell-autonomous and interdependent pre/postsynaptic communication processes. Due to their transparency, comparatively easy manipulation, and remarkable regenerative abilities, frog tadpoles constitute an excellent model to study NMJ formation and regeneration. Here, we aimed to contribute new aspects on the characterization of the ontogeny of NMJ formation in Xenopus embryos and to explore the morphological changes occurring at the NMJ after spinal cord injury. Following analyses of X. tropicalis tadpoles during development we found that the early pathfinding of rostral motor axons is likely helped by previously formed postsynaptic specializations, whereas NMJ formation in recently differentiated ventral muscles in caudal segments seems to rely on presynaptic inputs. After spinal cord injury of X. laevis tadpoles our results suggest that rostral motor axon projections help caudal NMJ re-innervation before spinal cord connectivity is repaired.
Introduction
Most of our current knowledge on the structure and function of synapses is based on pioneer work using the neuromuscular junction (NMJ) of frogs as model system. As early as 1947, Couteaux obtained the first histological staining of the mature NMJ (reviewed in (Tsuji, 2006) ), which were the basis for the ultra-structural characterization of this synapse led by De Robertis, Katz and others (Birks et al., 1960; De Robertis and Bennett, 1955) , and the subsequent functional discoveries of the principles of synaptic transmission (Katz, 1971; Katz and Lou, 1947; Katz and Miledi, 1969) . Frog NMJs also served as a model to confirm the original Cajal's observations showing that nerve injury-induced axonal regeneration uses the original nerve pathways to lead axon terminals towards the old NMJ by following extracellular cues (Letinsky et al., 1976; Sanes et al., 1978) .
During NMJ development, motor axons invade peripheral regions where myotubes have recently differentiated. Presynaptic differentiation is accompanied by morphological changes in motor terminals contacting muscle fibres that begin to accumulate synaptic vesicles containing acetylcholine (ACh) and other presynaptic components.
Postsynaptic differentiation is characterized by increased expression of several postsynaptic proteins, such as the nicotinic ACh receptors (AChR), and their aggregation in an invaginated and folded fraction of the muscle membrane to shape the nascent NMJ (Marques et al., 2000; Sanes and Lichtman, 1999; Sanes and Lichtman, 2001) . In frogs, NMJ formation follows a rostro-caudal pattern (Blackshaw and Warner, 1976) . Within the first 24 h post fertilization, neuronal and muscle differentiation as well as the first primitive contacts between synaptic partners occur, resulting in spontaneous synaptic activity (Kullberg et al., 1977) . After 48 h, ultra-structural specializations characterizing NMJ assembly are observed at the ends of myotomal muscles, followed by the acquisition of spontaneous motor activity and hatching (Cohen, 1980) . Subsequent NMJ maturation gives rise to a free-swimming tadpole within 4-5 days.
Early NMJ formation relies on signals for both, pre/postsynaptic communication and cell-autonomous processes. Zebrafish nascent myotubes (Jing et al., 2009 ) and muscle fibres of mice rendered aneural (Lin et al., 2001; Pun et al., 2002; Yang et al., 2001 ) are able to assemble a "pre-pattern" of AChR clusters, suggesting a muscle cell-autonomous control of early AChR aggregation. Experiments in zebrafish
